STORM DRAINAGE
DESIGN
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following items should be indicated or accounted for on all plans submitted for approval:

tey~ D-1 All storm drainage facilities shall comply with the requiré&ments as stated in the S&e&Ems

5
4
T2

In order that the Engineering Department may adequately review preliminary platsy the

and the N Division of Water Quality Storymwag el
Pest Manwsewent Prachces Manual

— > JDrainage-Redkiey- for the City of Greenvillef~Rase-

L D-2 Storm drainage pipes to Wm designed for a 10-year mnOnEﬁ catch basins to be designed for a
Z-year mno.na.mﬁcm_._ﬁ.. m»me@ Oﬂ«SNS.G 3 vendt

-3 Mininum storm drainage size is 15 inches. m@O&% Qmamkbﬁu u

D-4 Double basins are permitted.

. B=3 Minimum allowable velocity is 2.5 feet per second for concrete pipe or corrugated metal pipe.
Maximum velocity is 10 feet per second within a system. Exiting velocities shall be in
conformance with the Sedimentation and Erosion Control Ordinance of the City of Greenville or
the latest revision thereof.

D-6 Drainage pipes which are located parallel or near parallel to public streets shall be contained
within street rights-of-way. If this is not possible, dedicated storm drainage easements shall
be required -ea—the=foddowing=sealas (15 %\msg oy 9Tp. No. 19.01a.

PIPE . EASEMENT
10"
15" ,L,Ady
{
to be determine y
City Engineer

D-7 In cases where two ditches intersect at perpendicular or obtuse angles, erosion control
measures must be indicated.

D-8 Headwalls or flared end pipe will be required at the influent and effluent of all plpe systems.

REVISIONS
NO.| DATE DESCRIPTION

APPROVED:DATE May B,1980

CITY OF GREENVILLE, N.C.— ENGINEERING DEPT.  [I5=f®




GENERAL NOTES:

TSNEQR_STREAMS CARRYING 500 ACBES7OR
MORE DFeaSURFACE RUNOE TE EASEMENT
REQUIREMENT THE WIDTH OF THE
STREAM FROMSTOP OF TO TOP OF BANK,

PLUS (#¥10" ON EACH m_omdlé.a
M5 MINMUM WIDTH )
|.2A FOR OPEN CHANNELS THE MINIMUM
EASEMENT MUST CONTAIN THE WIDTH OF THE
STREAM FROM TOP OF BANK TO TOP BANK.
PLUS (1) 1ID' ON ERCH SIDE OF STREAM -
2.X WIDER EASEMENT WIDTHS MAY BE REQUIRED

FOR PIPE DEPTHS GREATER THAN #&Me FEET.
EIGHT

2. % PIPE SYSTEMS AND OPEN CHANNELS ON
PRIVATE PROPERTY SHALL BE PLACED IN
A STORM DRAINAGE EASEMENT.

Easement Requirements for

Open Storm Drainage Channels

4 Area in Acreage Easement xmnc:.m_._._m:ﬁJ
0—-45 ac. 20'
45 - 44=aer 30
120-500 ac. 40’

% : o

Easement Requirements for Storm Drain Pipe

i .
Pipe Size Eosement Requirement
15" 15!
18" 15!
24" 15'
30" 20'
36" 20'
42" 25’
48" 25’
k. 54"+ 30'MIN (VARIES) )

NOT TO SCALE

MINIMUM DRAINAGE EASEMENT
REQUIREMENTS FOR STORM DRAIN PIPES
AND OPEN CHANNELS

STD. NO. REV,

19.0] o .
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g at least evevy 100" and [ow. 1f
\\,,\%o& theve 19 A Significant changqe
n-9 H.:ﬁ:nuam\: ditch sections with cross sections and grades! in either.
D-10 Tndicate®ditches, pipes, swales, and drainage easements which are adjacent to the proposer
B el (DuPLIATE) _ 1% based OF)
Bt A A RS- —shall-be_designed tocarry o 10-yeas G s \ 91029_5;.%
D-12 Catch basins shall be placed such that the uassbmwme depth of flow in the gut e’ climimsirmm@emiyge
4eeds on private, mavrginal access, and minor streets.N The on collector
streets and thoroughfares shall be sfw3@ufiepts, m\mﬁm.\.._l .m.mv.\gnh
D-13 With all storm drainage designs, the following design dajta must be submitted for each run of
I it Maximum depth of €low in The
A area drained
(b) design storm intensity adjusted for duration Curp DS& &S.I.QN. \TU_\ D.ﬂ.ﬂ_ Shveets
(c). design flow @SP: nNevey @Xﬁ\ﬁg.c B
(d) cocfficient of runoff ; § Cow :
(e) grade of pipe 4 ﬁ_u—s&,gig QP_Z.
(f) type of pipe h.vu I.SQ_\E»:P &ﬂan\ hWnes
(g) size of pipe -
(h) velocity of flow &~
D-14 Not more

than one acre may drain into the street at a single concentrated point.
RS yipeirGad—t-e G-t cis-—and—specificaticons—of open-ditches shall be indicated

D-16 Slotted drains are permissibleywith prior approval of the Engineering Division.
D-17 The minimum grade for any storm drainage pipe shall be 0.3%. (In the event that this
requirement cannot be met, the|City Engineer may approve an alternate) .
D=18__Thednvertof- the—outlet—of—a—i ateh=bhasin—shall-be—)rld—feet—lower—tliaf—tiom—inwat
ed—the—nlet—plus—O-tb—Eoot—fol dditional—inlet
'(&Tp. NO. 25.0%)
_Eé storm m_asmmm system to be city-maintained shall have “Record Drawings" submitted and approved
prior to scheduling of the pre-final street acceptance inspection. All “Record Drawings” for storm drainage
_::mm::oe.:w shall include, but not necessarily limited to, the information as identified in the Street and
Storm Drainage “Record Drawings” Submittal Requirements.
REVISIONS
HO.] DATE DEBCRIPTIOM
| o218 NOTES CHANGE

APPROVED:DATE SEPT 14,1989

et L ety

STD. NO.

REV.
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- AASHTO —~M8L
AEQUIREMENZFS FOR _Zm,ﬂbrgjoz OF RE _JRCED COMCRETE FPIPE
il . gmmnmmim:o:lmlﬂw- (or the latest revision) shall apply to all reinforced concrete pipe.

2. All pipe installed within the street right-of-way shall be Class III or higher.

3. Mortar mix of one part Portland cement and two parts sand shall be applied to the outside
of all pipe joints and to both inside and outside of joints of pipe eighteen inches (18")
in diameter and larger. Joints shall be wiped smooth.

4. A roughness coefficient of 0.013 ("n" factor) shall be used in the design of reinforced
concrete pipe dralnage systems.

MIAl .
REQUIREMENTS FOR INSTALLATION OF CORRUGATED METAL PIPE

1. AASHTO Designation #8&=,8 or the latest revision thereof shall apply.
3 All-—coriugated—metalpipe—shall-befully asphali-codted—insid ; cedd 1 -
AT SwhSiiO-Designationtilo0=18 (REPLALE)
/’ 3. Coupling bands shall be used at all joints and shall be of a size specified by the

manufacturer in accordance with the pipe design. -Bands—will-—be—fully—asphalt at-ed—en
Ponds-beoth-eides—and shall conform to AASHTO Designation -M36—F8—and=08=78+ Bands to be of

Hugger-Type or approved equal. M 19
4., Pipes shall meet the NC-DOT specifications for loading requirements. :
5. .ﬁr.ml_mllmwaili.m..otmo:m::mwm nommmnnwm:&f%::: factor) shall be used in the design of corrugated

metal pipe drainage systems). of 0.024
/mpmmcm»jozw ROUGHNESS COEFFICIENT™ N "
a. 224" 02|
b. - 0.023
c B8 g 2°
/ d 125 mmp-#~25 mm

. ” fully paved

#?.......u 2. (UL _,8_:5@3@? metal pipe shall ke alunmiinum

NO.

DATE DESCAIPTION | Anless Oo?j:.& of oteel plpe \& Qrﬁ__sﬁo,\whﬁ F/\

the City Engineer.

ApPROVED:DATE May 81980

CITY OF GREENVILLE, N.C.— ENGINEERING 'DEPT. o

REV.
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spiral pipe
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36

42

48

COMPACTION AND _ BACKFILLING

Compaction for reinforced concrete pipe and corrugated metal pipe to be in accordance with
Sections 300-6 and 235-4(C) of the NC-DOT Standard Specifications for Roads and Structures.

REVISIONS

NO.

DATE DEBCRIPTION

APPROVED:DATE Moy 8,1380

GITY OF GREENVILLE, N.C.— ENGINEERING DEPT.

STD.NO. |[REV.
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STORM WAT. . DESIGN CALCULATIONS

BESIGN-PROEEBURE-FOR RUNOFF DETERMINATION :

,lH—.,...nr.ﬂi EEF - TP N S e s iimmﬁn ﬂﬂnmu OGO : “ _ H_ m— {
—amout- of water-discharged—at-—-the—point—of- “@;mﬂm «are two acceptable methods:
a
basie

(1) Rational Method (good for areas less than cres) and (2) Soil Conservation Service

Method using Curve Numbers. =liiibSefdisbmsltapi-s to—the—=design—of—any—struetures—=>he
—second step ls the selection of a slze and desdgn of the system-or structure dtsell

DETERMINATIQON OF DISCHARGE : :
The most widely used method for determining discharge in storm drainage is the Rational Method
and shall be the method used for the purpose of this manual. It should be noted, however, that
this method should be used with caution since 1t does not adequately recognize all of the
complications of the runoff process. The basic formula may be reduced to "Q = CIA", where:

Q = Discharge, in cubic feet per second

C = "Runoff" coefficient, unitless

I Intensity of rainfall, inches per hour
A Drainage basin area, acres

These factors are explained in detall In the following paragraphs.

n

C.....RUNOFF _COEFFICIENT
The runoff coefficient is the proportion of the total rainfall which runs off the basih area

into the drainage system. The runoff coefficlents to be used for the Greenville area are listed
ori Chart No. SD-3.

bocc INTENSITY

Values for the rainfall intensity for the Greenville area may be derived from-Ghart=Nor=5P=—t—and=
=Ehort=—No~5P=-=k= The desipgn procedures for runoff for the City of Greenville shall be based on a

_.mvo_‘-éﬁ rainfall. Qd Sorm dwtion is eqMil 1o the ime of concentration (Te) .

\\

A.....DRAINAGE BASIN AREA

The drainage basin areas can be calculated with the use of topographic maps by marking the basin
ridgeline and planimetering the designated areas. When marking the basin ridgeline, it should be
remembered that water runoff flows perpendicular to contour lines.

. " s A 1_nw%‘m@m L= Maximum length of tavel of water (feet)
REVISIONS ¢ 11,1@ H = diffevence. in elevation betweenn the wost
no.J oaTE DESCRIPTION | 2D remote ﬁ.o:\l‘ onn the g.hu:) awnd the putlet m\mm\m

NoTES: Ovevland flowW, gvass , multiply Te by 2. |

Loncyete, ov oot nuthply Te by 0.4

‘concrere dnannel, multiply Te by 0.2

1)

CITY OF GREENVILLE, N.C.— ENGINEERING DEPT. [
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Q.....DISCHARGE

After determining Lhe coelficient of runoff, rainfall intensity, and drainage basin areca;
the discharge can be computed by the use of the rational formula "Q = CIA".

EXRMELE:

S—

owdmzfllmo acres Residential Development (R-15). Heipht of most remote point above ou
15 fee, travel length = 1400 feet.

Step 1: Determine the indiVi drainage area in acres to be ered, = 20 acres (Given).

Step 2: Determine runoff coefficien =

Step 3: From topographic maps, determine LR of the most remote point above the outlet
and length of nﬂmcﬁww\kwmwmhrhkﬁ, a height of 15 feet and a distance
of 1400 feet to getL_ ime of Concentration" (Tc) © minutes.

Step 4: Enter M“WMH\E&ﬂ\mmiu with Tc of 12 minutes and a 10-year sto get an intensity of
6.] -inclies.

B T Substitute the above factors in the equation: Q = CIA to obtain a peak disclk

= of b67.1 cks.
CATCH BASIN DESIGN

DESIGN PROCEDURE: : .

The following procerdure for the location and desipgn of catch basins for the City of Greenville is
based on the actual hydraulic characteristics of the standard catch basin for the City as depicted
in Chart No. SD-4. Catch basin design shall be based on a 2-year storm. Double basins are

permitted. TAL (0tclh blsin design data sheet | Chavt 6D-S or voved equivalent shall
e completed amnd subwitted 55:.; each plan. o mso

The drainage limits should be calculated hy the use of topographic maps by marking the hasin
vidgeline. It should be noted that the centerline of the streets will usually represent a

The depth of flow allowed is the depth of tlhe water in the gutter line which will he tolerated in

flooding conditions. <Fed—the—puipese—of—thic—desiginr—tho=—iarinim=—cdepth—allonwed=tuill—he=—lutufeatms

1 - DETERMINE DRAINAGE LIMITS:
ridgeline on a normal crown.
2 - DETERMINE DEPTH OF FLOW:
REVISIONS
Ho.l paTe DESCRIFPTION
| -21-84 NOTES CHANGE

arpROVED:DATE SEFPT 14,1989

REV,

CITY OF GREENVILLE, N.C.— ENGINEERING DEPT. [
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-DETERMINE LONGITUDINAL SLOPE (S, ) OF - STREET :

Determine the slope of the street in percent.

4 —DETERMINE TRANSVERSE SLOPE_(Sy) OF THE STREET:

This can be determined from the typical section of the street and will usually consist of the
vertical distance from the gutter line to the crown of the street divided by the horizontal distance
from the gutter line to the crown of the street.

5 -DETERMINE CAPACITY OF THE BASIN :

The capacity of the basin can be determined by the chart on Chart No. SD-4. Enter the bottom of =
the chart with the transverse slope and draw a vertical line to the longitudinal slope. Then using
this -as a turning point, draw a horizontal line to intersect the "K" factor. Then use the equation:

Q= xbm\u , where:

I

the capacity of the basin in cubic feet per second
a dimensionaless factor determined from said chart
_the depth of flow in the gutter line in feet

[

o xO
1}

With this information, complet

6 -DETERMINE AREA SERVED BY THE BASIN
STEP NO. 1 : Assume a trial coefficient and a trial intensity for the design area and place these

,!ilileNCHmm in columns 5 and 6 of the data sheet. At this point, an approximate area served by the
catch basin may be determined by dividing the catch basin capacity by the trial coefficient of
runoff and the trial intensity (column 5.x cdlum 6). This derived area shodldibe.placed in
colum 7 in the mmmwm: data sheet. This gives an approximate area served by the catch basin.

With this area and the topographic lines, a trial location of the proposed basin should be made.

_STEP NO. 2 : To insure that the location as derived in Step No. 1 is mvﬁﬂomnmwnm and that the trial

T woefflclent of runoff and trial intensity are in order, the runoff for the area determined by
the proposed location of the basin should be calculated. This is accomplished by calculating
the runoff as established in the storm water design procedures listed in the previous section
and completing columns 8 through 13. If column 13 varies by more than 10% from column 7, this
would indicate that the trial coefficient and/or trial intensity were not in line with the
actual coefficient and intensity, and therefore, the basin is not properly located. The proce-
dure in Step No. 1 should then be repeated and then adjust the trial coefficient of runoff (col. 5)
and trial intensity (col. 6) accordingly. Once all the basins have been properly located, the
pipe design associated with these basins may be completed according to the PIPE SYSTEMS DESIGN

NO.

REVISIONS PROCEDURES .1isted in this chapter.
DATE DESCRIPTION

APPROVED:DATE May8 1980

columns 1, 2, 3, msazb of the catch basin design data m:mmn.Qu>9<*awUAmJ

CITY OF GREENVILLE, N.C.— ENGINEERING DEPT. e
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Step W
Step 27
Step 3

Step 4:

Step 5

Step bha:

Step Gb:

Substitute in the equation.Q = KD *-%7

REVISIONS _/

Givepn area shown on Chart No. SD-7.

Determine the drainage limits according to the topography as indicated by the broken
e e s visas ) O, Elie exanples
cermine the maximum depth of flow allowed in the gutter, which is 0.5 feet f the
nmﬁwlﬂﬁ Greenville.

Determbue the longitudinal grade of the street from profile plans or topo
From this% the streets were determined to be 1.2%, 1.3%, and 0.6%.
Determine t transverse grade of the street from the typical section
use a 36 foot B "Minor" street section). Therefore, the distance
to the centerline™yill be 17.5 feet. For this example, S = 0.5
Determine the capact of basin CB-1. Enter Chart No. SD-4 wi
S. = 0.6% to obtain mMﬂ of approximately 14.0.

phic maps.

74

for this example,
rom the gutter line
0.029

0.029 ainl a

w
i

]

#]

H
1

= (14.0)(.5) 57 fo pet €
Enter the above values in colu I, 2y 3, and 4 ofF the
Assume a trial coefficient of rundff and a trial i
lot size of 1/4 to 1/3 of an acre wh'ich accordin
coefficient of 0.55. Assume a trial in
column 5 and 6 vespectively. Determine t
h.hl

(. 55)(5:5) =19
Using the topographic lines, locate
1.46 acres.
Using the location of the propos
basin according to the procedt
through 12. The maximum al

capacity of 4.41 efs,

catch basin design data slieet.

ensity., For the example, assume a

to Chart No. SD-3 yields a runoff

£ 5.5 inches, and place these values in
erived area (column 7):

acres
e basin so t it will intercept the runoff for
basin, regulate the off of the area drained by

e listed in "Storm Water De%ign". Complete columns &
wable drainage area (column 13) determined by:

P the capacity of the basin (column &)
the actual ¢defficient (column 10) x the actual intensity (c®lumn 12)

Column 13 must b

within +10% of coluna 7, de7 0.9 % doluiin 7 < column 13
colum 7 for

e example:

1:30 & 154 ¢ 1,6)i thevefore, Taeation 1s 0. K
CB-1 serve® an area of 1.40 acres which is within the allowable range, thervefore,
HonmnﬁwA\wm 0.K. However, if this were not a valid condition, repeat procedure Ga ant

Ve adjust trial coefficient of runoff and/or trial intensity to be morve

MNO.| DATE DEBCRIPTION

consistent with the actual runoff and intensity. Then, repeat procedure 6b
as described anbove.

| pared NOTES £AANGE

APPROVED: DATE SEPT 14,1989

CITY OF GREENVILLE, N.C.— ENGINEERING DEPT. i




CULVERT _SIGN

DESIGN PROCEDURE :
There are two steps in storm drainage design. The first step is to determine the amount of water

discharged at the point of design. This can be accomplished by using the "Storm Water Design'" section of
this manual. The second step 1s the actual selectlon of a size for the structure, pased on the

calculated discharge. !
DETERMINATION OF STRUGCTURE SIZE:
There are essentially two types of control which must be considered in every culvert design situation: N
inlet control and outlet control. Both types of control must be considered separately in the design xlia¢%>
of culverts. T JJ

. o | Q’ ,m
INLET CONTROL: . e’

Inlet control exists in cases where the culvert 1s not flowing full. The inlet control charts have
headwater deptli as the controlling criteria. Headwater depth is the depth of the water on the upstream
side of the culvert, expressed in diameters of the pipe under study. o

The maximum allowable headwater is limited by either the controlling flood elevation or existing or - W
proposed development. However, the maximum headwater depth should not exceed 1.2 times the open rmHmrn <o¢h,
of the culvert for a 10-year storm.

et | . 7 ov Y
OUTLET CONTROL: (& L
Outlet control exists in cases where the culvert is flowing full. Before using the outlet control nTMnnm.
it is necessary to determine the coefficlent of entrance loss '"Ke''. These values are found in the

coefficlent of entrance loss table on Chart No. SD-11.

A controlling criteria for outlet control is tailwater depth, which is represented in the tables by the
amount of '"head". Head is the difference in elevation of the water surface on the upstream side of the
culvert and the downstream water surface. The tailwater elevation is determined by downstream conditions
and may be calculated if these conditions are known. In any case, the tailwater elevation will not be
below the design year flood elevation at the outlet. If flood data is not available, the assumption may
be made that the tailwater elevation is the crown of the culvert.

EXAMPL

_mowwozwd@fbmmwms Procedure for Runoff Uﬁnmﬁap:mﬁwozv

i~
"

Given: 23.25 acrés~Residential Development (R-6, R-9 elght of most remote polnt above outlet =

43 feet, travel Wfﬂﬂﬁﬁ, 1800 mmWMW\MWWW art No. SD-10)

—

§ "

acres

REVISI :
SIONS 11 it

ep 3:
DATE DE3SCRIPTION —
- S

.

C
T
tep 4: 1 = 6.4 inches fﬂﬁ#ﬂfﬂﬁ
Q = CiA = 89.28 cfs e

nn\\\\\\\\ fﬁﬂﬂifﬂﬂii

APPROVED:DATE May 81980

CITY OF GREENVILLE, N.C.— ENGINEERING DEPT,  [RRp=
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+WLET-CONTROL

Ty size
gl 2"

A headwater depth om/ﬁﬁwm. 1s too large for the existing street elevation. Try two s

reduce

Maximum

2-OUTLET CONTROL :

=

ipe.

Q n/déﬁm@ ks, D= B2P cenesesss BB & LT wonvennas s B = 5,95

<%

the headwater. ™
Q= 46.64 cE5, D= 2 % (36™) vvvervnves HI/D = 102 oononnnn. HW =

.,

headwater depth mrocw%fzbn exceed 1.2 diameters for the 10-year st
Maximum HW = 1.2 (D) =-3.6'
Inlet control checks 3.6 3.6

The section of the culvert between HW#1 and

areas.

be sized and located according to the CATCH BASIN

manual.

An accumulated discharge of 96.5 cfs now exit

checked

The difference in the invert at headwa
the downstream channel, it can be
- The equation HW = H + ho - LSo

outlet.

Given: Maximum HW =-9.6', LSo = 2.0', ho = 3.0'

o
To check for Oﬁnuhﬁ\ﬂoﬂnnow. enter Chart No SD-h (use a "ke" = D.5 from Chart SD=

100 fee

Sipe®e b

T
\\\\\\ HW = H+ ho - LSO vevuveeeo. HW =1.6 + 3 - 2 = 2.6"' Actual Head < Maximum Al

#2 receives a
A total of 18.0 cfs enters the culvert

It will be assumed that the additonal flg carried equally by both pipes.

there 1f the entire culvert is to sized as a un

wn on Chart No. SD~h expresses the

.

1 oe B 30 = B s assmeness B = 3.6 + 2.0~ 3.0 = 2.6" = Allowable Head

£, \\
\\AM = BB 25, D= 3 ax {36") wurnes o Hosw 1,67 Actwal Head

oth Inlet and outlet control check and the street elevation is high enough not to be £

the 2 x (36") concrete pipe 1s adequate.

REVISIONS

NO.

DATE

DESCRIPTION

Haﬁ/mwwow control, enter the chart on Chart No SD-b (use square edge headwall for mxmacwwv. Try

er plpes to

tional flow from the two adjoining sub-
ch basin located over the culvert, which should
AND PIPE SYSTEM DESIGN sections contained in this

et. Therefore, outlet control should be

#1 and headwall #2, i: feet. Since there 1s no flood data on
umed that the tailwater dept s equal to the culvert diameter.
lationship betweenh the inlet and

and a length of

able Head
ded,

APPROVED:DATE May 8,1980

CITY OF GREENVILLE, N.C.— ENGINEERING DEPT.

STD.NO.

REV.

15.10




: )

2%‘ 7
X 0
PIPE SYST .. DESIGN e\
Lo

Once all the catch basins have been located according to the catch basin design/ procedures, the next
step Is Lo design the plpe systems to serve the basins. For the purpose of this mghual and for the City
of Greenvllle, pipes within the system shall be designed to carry a 1l0-year storm.* The sizing of these
pipes shall be based on the Manning Equation. It should be noted that the velocities for pipes shall be
maintained between 2.5 feet per second and 10 feet per second. . In addition, points of discharge should

be treated in such a manner to conform with the State and local ordinances on velocity controls. This
design is based on the sum of the individual areas served by the catch basins and not the sum of the

capacities of each basin. :
B 2 _ =2 O an approved equive lent - Plan.
(The storm drainage design data sheet Chart SD-67should be completed and submitted with each prred-tm=

| B I =

" IPAPU PG ] PN Y ., Wi :_mr%
By plat Exampde-: re-Gha B=3 ( mltt@@ilﬁwrlfLrrTrfLPP@PwiIm$mlhrm$t]PWIvjﬂj+LIYJ¢J

Step 1: mW#@fEu_mﬁgoz of pilpe one, from catch basin five to catch basin four.
f.l.ll

Step 2: Note that®

e individual atea drained by catch basin five 1s 1.4 acre

ds well as the sum of
the areas to t polnt.

this example, C = 0.55.

remote point above ##€ outlet, the maximum length of travel,
and determine the time of concen ng to the standard runoff calculation pro-
cedures. In turn, derive an intensit place it in the proper location on the chart.

Step 4: List the height above the m

Step 3: List the coefficient ®f.runoff for this type of developmest®™ For
mll =

otep 5: Determine the runoff for the ar

one.

n_n

Step 6: Assume a concrete pipe - n'' factor is given to

Step 0.012. Assume a slope of (.5% with
a length of 32 feet

Th addition, assume a 15 inch pipe: his would yield a velocity of
4.0 feet per nd and a capacity of 4.9 cubic feet per secon The capacity of 4.9 cubic
feet per seTond is greater than the discharge of the area of 4.62 ¢ feet per second.

The hwnmmm. pipe number one is 0.K. (An alternate method to determine the e size and slope

\\dﬂﬂ%& be to begin with a velocity and then determine the slope or size). The ainder of
the pipes are listed and noted in the storm drainage design data sheet.

REVISIONS

NO.

DATE DESCRIPTION

APPROVED:DATE May 8,1980

REV.

CITY OF GREENVILLE, N.C.— ENGINEERING DEPT. [E®
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USE NOMOGRAPH T,

BASINS WITH WELL D
FOR OVERLAND FLOW ON~BARE EARA
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TRAVEL
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RUNOFF CO. . ICIENTS

LAWNS: (1) SANDY SOILS FLAT < 2% eerrerereriareteiiiii,
AVERAGE POL = THE  Uenaienta b Rbieaniin s smesion

) STEEP . MROLS eiarente o EaeteiaE e E § 5 AR e !

(2) HEAVY SOILS FLAT . W

AVERAGE DOE oo T samussauy ¥ § USSR b AR

STEEP W7 4. AR

WOODS, CEMETERIES, PARKS
UNIMPROVED AREAS (pastuke , ceop, erc.)
PLAYGROUNDS

RESIDENTIAL. : (1) APARTMENTS AND TOWNHOUSES “+eetinreustrerteenacaanernnennans
T~ (2)LOT SIZE<1/4 ACRE (R=6,R=9) +ieerurrrnurimnrraiuinnninne
i {3) LOT SIZE<1/3 ACRE (R=~15) s esomsnmans ssvavvssnsssinnsinns
(294QT SIZE <1/2 ACRE  (R=20) +reeeeernareereecsanns
(5) LOT % [0 ACRE s ssvsssassessssannins = rms
{6)1OT SIZE> .0

dSessescsannose

LR I R I R BT I O IR R

lesesssscssennans SeecsrermereROcceEPRERORBOEBARYS,

INDUSTRIAL : CIEARLUGEIT s s v swwmesns
(2) HEAVY =+«.- RI66 e aie 8 we dimim ekl e a Lsiaieu i« b B L

COMMERCIAL : &t TDOWNTOWN, STRIP, MALL, PAVEMENT AREAS «+«eseees s vmagecesen
g (2 ) CERTER - isaitamnnwn » sunmunnvins » swmassweyas Consoess & sassysss s g™
e (3) NEIGHBORHOOD scccrreinncatanensstennssesnscessssscsasnsasssnnannns

BOOF ; 0.9s

PAVEMENT - () pephalt oe conavete. 020
(2) Brick 0.80

GepNE L. 0.20

REVISIONS

[noO.

DATE DESCRIPTION

CHART SD-3

0.10
0.15
0.20
0.15
0.20
0.30

0.20
0.25

0. 30

0.70

0.55
0.50
0.40
0.35

0.70
0.80

APPROVED:DATE May 8,1980

RUNOFF COEFFICIENTS
CITY OFF GREENVILLE, N.C.— ENGINEERING DEPT.

R R T B A et

STD.NO.

REV.

1514




60 — e
CAPACITY OF BASIN = CHART SD-4
m __—_A___<m m
ﬁ..._ s, —A\ D \ “u. /z . T
S monf s
WHERE: : , ./
.
Q= C.F.S. : N
40 \ N N
D= Depth of gutter flow N ~L
i ; A ]
in Rﬁ ] k. ~ J ,
: i /,AU_ A ;
,:TA: " /...r nu.[ﬂdb
.y —F
30 e __..n...r.a.o\o //I
- T -
SN O o
/ N /.IW 2% 7..!!..1! rlnlll.
./.,,_/ Owuh /rl_......ll i oy I
/ ™ < [~ |m m flll.llllz " .‘1/
™. ~ b B Ol [ 1 i E—
o A 08% T~ t=!%| || 1 e g
Tl T T e ] ~—
| 1= mn..nmu.m \P.IJ A T~ ......llli..rlnLl..... l:..rl. ..f....lu“”lelll..’l il-.i...l..inll
. = = ...o_mﬂw‘ e e 1y = Sy Y rr..ml.. ol o I ]
S| =LONGITUDINAL GUTTER B N O e, T o Al e e o e
SLOPE B O e e O O s e s e O i
| R O . Y 5 O e T O i e
S;=TRANSVERSE GUTTER T+ 6 ol ) e e, s —+
SLOPE ]
K=GRATE INLET COEFFICIENT M
REVISIONS O ol 02 03 04 05 06
NO.{ DATE DESCRIPTION _ _ _ _
—— = [INDICATES INTERPOLATED VALUES _Mﬂ
w._.u<mmj_0.._,_| DISTANCE FROM CROWN TO GUTTER LINE DIVIDED:®
BY DISTANCE FROM CREST OF ROADWAY Emn_.&p_u_k ©) TO GUTTER LINE. XERHEVED BaTE MuyB. (580
STANDARD CATCH BASIN INLET CAPACITY
B £ mh P2 a A T - STD.NO. |REV.
CITY OF GREENVILLE, N.C.— ENGINEERING DEPT. [Zf
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~ iy
- CATCH BASIN  _3IGN DATA SHEET
PROJECT 0,0z__u.c._.mo BY ; DATE : 19
LLOCATION CHECKED BY. : DATE i [
STORM FREQUENCY YEARS
! 2 3 4 5 6 7 8 9 10 |l 12 13
° | AR | . = I e - w = \m W o
-4~ ~|° %|ud ot =l w e (¥ o =
< Sl Hxzu|ow 8. u ol - < |92 o Bl i S
Z1-0|2) O|EELCE mlo | £ | g S @=, | oo Gk (G
CATCH ﬁﬁmﬁs Bxel =S| us| 20 | g o] Do <iz| Ok |SER 53 |3y [ REMARKS
BASIN mwmmm Nmm “x.ﬂ_m. Mm 5 m.mM _o.n.w.._ W ol 5= %Hm Wz Ww e o AM o|(COLUMN I3 MUST BE
FA Lo e T o < =2 =
NO. |57&|E" 8|guz|sx o =lE® BED mc SE e 52 R u RN ROt :L
i
REVISIONS
HO.| DATE DESCRIPTION
CHART SD-5
APPROVED:DATE MayB, 1980
— Sy . . STD.NO. JREV.
CITY OF GREENVILLE, N.C.— ENGINEERING DEPT.  [2E




STORM DRAINAGE. _ESIGN DATA SHEET

PROJECT DESIGNED BY DATE , aigh B
LOCATION CHECKED BY SHEET. OF
STORM FREQUENCY .. YEAR .
LOCATION [AREA(ACRE INTENSITY |Q=CIA ; PIPE _DATA |
rrom ] 1o |59 Tromd © [ [ L |1 [CES [red N | swlienemisize [UEL] @ 3 REMARKS
o WL TOTAL REQD) peq’p) |AVAIL. _

«L#LH

C - RUNOFF COEFFICIENT

S—- SLOPE (%)

Q- FLOW (C.F.5.) CHART SD-6

APPROVED:DATE M

D H - HEIGHT ABOVE INLET OF MOST REMOTE POINT ~ NOTE: DESIGH 1S BASED oM s
wo oAt DEBCRIPTION L-LENGTH OF DRAINAGE AREA AND NOT THE SUM OF
(R | - INTENSITY OF STORM (INCHES) THE DISCHARGES.

L N - COEFFICIENT OF FRICTION

REV.

CITY OF GREENVILLE, N.C.— ENGINEERING DEPT.  [FF
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CHART SD-7

”_-i- -,.-p-,mw.p--
o |

" ......l.lul.l n.N.U\ o

P-8 e nhhii

T CBrT e .._m e .
g .i 4

P

SCALE 1'=200'

REVISIONS «+++ DRAINAGE LIMITS
ABonre BRecAIPTION m= CATCH BASIN AND NUMBER (C.B.~0)
seras PIPE AND SECTION NUMBER (P-0)

ApproveED:pATE Moy 8,1980

CITY OF GREENVIIIE N.C.— ENGINEERING DEPT.  [omop
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CATCH BASIN | _3IGN DATA SHEET

PROJECT _£xAsrrlL £ COMPUTED BY . DATE 19
LOCATION Somcmuere Sud Orv.  CHECKED BY DATE ,19
STORM FREQUENCY_2__ YEARS \

,/_// 2 3 4 5 6 T 8 9 8 1 12 13
-9 " s = <t =
T N = 20 R 5| £ g \
M c.m_ 0, n[RZELIouw L. alt - L |00 | = A la=
Shi—|Eh—|E o Sl a5 |2 |o] Cw (23| 61 524 35 [Ea REMARKS
CATCH |2, |2t | 8BS Sl=2 |8el%] =& |Z€z| o5 |05 22488 R
BASIN | +=2|2- Q| ik |gZ Sl (> o] 5= |TpQlwz |3W \Mm\AN (COLUMN 13 MUST BE
NG. [Z2&l22x]l%,.51%3 o I TE|E « |22 [BS | 8% |E Z [X< , [WNIO%OF COLUMN 7)
© |9 ole P|=co|0om e | S e E= P <o
-~ —
| oy
/ | O.¢0.029| 0.5 .ﬁ.k\_ﬁ.ﬁw-hu #J&/ 200 .w\\.‘m 7 182 | £59 | d4
2 lzg|- " | “ lper ) “ | “ |2/9 .Wwwﬂ\m " le 183 227 loax
2 | B 30 " | " |2.08 GO | " |5 5.5 | 208 lox
2 las] " 44/ | | " |48 Voo | 4N | 5 |55 /46 | poocB-5
u. it | ¥ tf %ﬁ\ " x\:\\ i I I " /:.r 1 n Q.\.ﬁn
6|r3 | " | " leer| A" |2 |s00la | - m//:/ 2./9 |o4A.
r " lzog )\ s500| 0| " | S 208 |0A.

gy = 6.3
| el N

r
"
2 \m\ /
Ll

" _

REVISIONS

NO.| DATE DESCRIPTION

CHART SD-8

APPROVED:DATE May 8,1980
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| STORM DRAINAGE _cSIGN DATA SHEET
: PROJECT _£xAmpLE DESIGNED BY DATE 1S
/ LOCATION Sosmempers Swa v CHECKED BY SHEET OF
| STORM Emmmcmzn,ﬂ_ -£2__YEAR
i | _LOCATION |AREA@mcrel . [INTENSITY Q=CIA PIPE_DATA
SO SUE |1om Hle [ [SES frved N | swlienemlsize [YEL| @ REAMTARKS
ot C8-5 |CB-4 (1125|1125 qWJA/ 400 | 75| 46 loonclo.o/2|0.5| 32° |57 |40 Lpe-2-0 4.
cg4 | —— 1125 11125 los8 4 Mp'175| 46 |~ | — |—|— |— — Mo LIpEREQUIAED
" CB-4 \rcs-1 | — | 225|055\ 4" |400N25 | 9.3 |Conclo.or2 |07 | 120 " 154 19.5 |Pips-2-0K.
€L rcal 140 | 140|055 3 |s00' |77 55 |eaeloo 1o 15°157 | 20 |pe-3-04,
® 7CB-1|¢B-6 /40365055 3" |500'|7/ | 193w 0.023| L&| 390 22" 4.7 | /47 %wmwm\.hwm.
: CB-6 | — 220|220\|055| &' |500°'|75| 9/ N — | =— | —|—|— |wewitams
" C8-6 |7°c8-2| — |5.85|055|8 w0’ |e.4| 206 m.uu\m\ [0 290" (30" |47 |23.2 | gpe- 5-O.K4.
1 (@2 _|rcoz|z.20| 220055 9" | 650 72 | 82 Ve o cnz (0G| 32" /8”50 88 |ppa-6-0K.
Vo | Ee-2lca-7 | — | 80slossl 2 200 \@m\m\nm M o023 |10 80" 36" |4/ | 289 Los-7-O4
, » o2 (AL £ T
” cB8-7 N L20 | LD 25510 QN@\ 5| 50 st W =l | ]t\/./l.. — |\ T |\ NePer RrpnRED
| c8-3 |c8-7 |08 |0.8 |0.55| 3A4240'| 75| 3.3 | |poz3los| 32 | 344049 Poa -8-O.1H.
w. CO-7 |wmer| — lpos|oss|a |i400'|6.2|34.3 kest |\ooz3|09| s0° | 36" | 5IN357| Pive- 9-0.5
| > . e
iy A
_, l\\_\ /
i .\\\ 1//!
C - RUNOFF COEFFICIENT _
REVISIONS H - HEIGHT ABOVE INLET OF MOST REMOTE POINT NOTE: wmm_o%ch\_mom_wbw_mw W_Mmbm
% - L- LENGTH OF DRAINAGE AREA AND NOT THE SUM OF
S nac oo tadidd | = INTENSITY OF STORM (INCHES) THE DISCHARGES,
N- COEFFICIENT OF FRICTION
5= SLOPE (%)
Q- FLOW (C.F.5.) O_vu_bm..—l mc @ APPROVED:DATE MayB,1980
STD. NO. _mm<.
VB Dy
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0 % | CHART SD-0/\
- /  SCALE: I'=200"| /approven:pare Moy8,580
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EXAMPLE - CULVERT DESIGN
OF GREENVITTE N C —ENGINFERING DEPT




COEFFICIENT OF ENTRANGE LOSS,  Ke'

TYPE OF STRUCTURE AND DESIGN OF ENT

Pipe, Concrete
Projecting from £411 . « « « =«

RANCE

- - . " . . . . . . . -

Headwall or headwall and wingwalls . . . « « « « « . .

Mitered to conform to £illslop

Pipe or Plpz—-Arch, Corrugated Metal
Projecting (no headwall) . . .

B B % s e e W R nE e

Headwall or headwall and wingwalls . « . & « « s & o

Mitered to conform to fillslop

Box Reinforced Concrete
Headwall SRR 15 N e M e e g
Wingwall at 30 degrees to 75 d
Wingwalls at 10 degrees to 25

REVISIONS

NO.

DATE DESCRIPTION

B & & m e w A av o e =

egrees to barrel . . . .
degrees to barrel . . .

CHART SD-II

COEFFICIENT Ke:

o 6 e e B
EE T |
6 et R
s 6 e

R
o i Bl
R
.
0.5

APPROVED:DATE Moy8, 1980

CITY OF GREENVILLE, N.C.— ENGINEERING DEPT.

STD. NO.

REV.
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HEADWATER DEPTH FOR
BOX CULVERTS WITH

INLET CONTROL

CQolo~ © n |« ) o I Q o © ~ © 0 - €
w\ﬂu: ;L0 ] | ___i—_.—___..._ﬂw...._. 1 L " 1 5. 1 | 1 ] 1 | 1 | 1 | i
gy oif= 0 GBS ™ 2_ n « a @ P~ © o <« il
2___ R o [ LT (e W | T [ 1 1 T, Mg ) (| L | L | 1 | y
ol © B T Y I w 2 | = ~ o 0, < ",
| | _____._:_._,_.____-. O L O T ] T | __ 1 | \ | ) | ) i -
= Imb.UEbﬂmm DEPTH IN TERMS OF Im_OI._. (HW/D) - = "
’ =y o W
(731 = | b= — A=
- i Y Jw b hES -8 233
ey - =g o e -—HWO To°
w o T e n Q 3 g = S &0 e E2 =
o n.__.. Tt o 1% o / = o o — o »/ "ol
w oo " = o o9 oo £6=
- 2
8 %2 BHapgs % =SE_8
Z=8w _ " N . 88 o p
R A T ™ AW el = o SE 3
= o = San kw_./ 53 g emEe 2o .8
= » 2o T e Om e.mr
=25 e CEEEs
oo 9 g 9 a o \, §3= ;
ol ..w P © o W W N o e / O w v w ¥ ®m i _ ™ w©mwn
L ____.L.:______:_,__._____._._._...._:.:__._________.___p_ OB |y Y L O U A ) e (N Y|
RATIO OF. DISCHARGE TO WIDTH AO\E IN CFS. PER FOOT
o = & o w© L © 0 < " S ==
\ | [ou S0 5 “F 5 1 | 1 | i i X | 1 //._ L |
HEIGHT OF BOX (D) IN FEET ,
REVISIONS
HO.| DATE DESCRIPTION

APPROVED:DATE MaoyB8,1980

BUREAU OF PUBLIC ROADS-JAN. 1963

CITY OF GR
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10,000
= cuALID {ny {23 =2y
~ 8000 CAAMPLE %k g | (-_{5 L)
i~ D = 42 inches (3.5feer] C o
[ 6,000 Q = 120¢cfs
- 5,000 i k= 5 o
-~ 4,000 HW  HW = = =
- : D faat _ =
i 080 ) 25 88 - - — 4
- 2 21 T4 - -~ F
= 2,000 (3) - A 4 4 - — -
k. D infeet C - e &
I s — 3 L 7
C. 1,000 g -
— 800 T____..:_.__s"
[ e .2 P
- 600 Zee? 2 B 2
- " P I
:‘ 500 / m | '2 b B
. 400 P E C L
M s 3 | Bl tug [
b 99 P-‘*?\'/ S ’ - 1.5
C (—,‘f/ m L 2
L 200 / el 3
E o - L
L / m F
=5 o
g = L L i
C =L
E IOU z!_ :’ i
. 80 o
L &0 =Ty =8 Lo
~ 50 |
X HW ENTRANCE 1.0 [ -
[ 40 SCALE Gy i m =" ;
L. 306 ‘ ik ™
F (1) 058 Square edge with = |- .9 L
5 headwall =
B s ol
— 20 (2) 065 Groove end with © Lo 8 .8
= headwall |_ .8
o (3) 064 Groove end _ i
i 0 projecting o
I -
i =7
=8 ez T
iy 8 o 8
e To use scale (2) or (3) project =
- harizentally 1o scale (I), then use
=4 straight inclined line through D ke L
I 3 and Q scales, or reverse as (Lgls :
= illustrated,
= 2 ! - "
3 L Ly
- -5 =t
— 1.0
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Size:76"x 48"
ESOOO Q= 300cfs
2000 HW  HW
£ D (feet)
S5
(1) 2.8~ .2
(2) 2.2 B.8
1000 {3} 2.3 9.2
-
L_ann ™ e Raad
| A v in issi
EGOO e
500 c o
!' tx‘?\"}"/
400 ¢hre—
i o=
(o
00
200

100
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40

20

To use scale(2) ar (3)
draw a siraight line
through known values

of size and discharge
to intersect scale(l).

From point on scala(l)
project horizontally to

solution on either scale
(2301 (3.

HW/D
SCALE

ENTRANCE
TYPE

Square edge
with headwall
Groove end
with headwall
Groove end
projecting

l.
p—o—

(2)
(3)
—3.0
o —a.0
1) b=
Ny L
—4.0 3.0
- —3.0
) 5 8
A | —— T
: ai L Y
wlme [ :
m [ —
o —~1.5 B
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EXAMPLE
e, e Size: 38"x 60"
—a7rx lQl e R
— EN00 Q=200 cts
L o RWAWAY)
” L 4000
m —~ 87Tx136 i
= el , B
2 B D
5 - 77x (2] -:—-ZOOO (1 0.6 3.0
E {2y 2.0 10.0
Lo Tax 113 :— 3) 21 10.5
- 68x106 S D in feet
= 1000
- 63x98 s
— §0C
~ 58x9| - 500 //’
w i L 400 L&~
N [ 53x83 - Eﬁ"@/
300
@ - 48x76 5’2/06/
o b= - To use scale (2) or(3)
= L i) draw a straight line
= - 43x 68 g E
s o i c.(_?’ & through known values
e o // T of size and discharge
= m - > — 100 io intersect scale (1).
= b 3+
8 g - —/33::60 g — B0 From pointon scale(l)
>0 T il s project horizontally to
&1l solution on eith
% 'jé;'; 9: 34 e s <o, {2)or {3) i
=0 5 F32x49 %
= n
m g = v f 30
i) % M | 29x45 -
T 4 = c HW/D ENTRANCE
o = l-27x 42 - SCALE FYPE
i O [
= o - i
!-C- 2 th F24x38 - 10 () Square edge
ey L g with headwall
m :-G (2) - Groove end
iUI s with headwall
wn [ 4 (3) Groove end
—_— ® projecting
=19 x
=3
—2
E fris e
R
-14x23
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EXAMPLE
L D:36 inches (3.0 feet)
~ 8,000 Q=66 cfs
— 6,000
. Bt HW HW
~ 4,000 D - (feet)
= 3,000 (1 1.8 5.4
E_z,ooo @ 6.3
£ (3) 22 6.6
E s D in feet
—i,000
~ 800
— 600
= 500
~ 400
- 300 //
" & -~
3 200 NQ/
a 7T
- =
100 .~
- 80
|~
— 60
I~ 50
L. 40
—30 HW ENTRANCE
- D SCALE Co “rypg
- 20
7 (n 059 HEADWALL
E (2) 0.52 MITERED TO
C 10 CONFORM TO
b SLOPE
-8
L& (3) 051 PROJECTING
-5 '
-4
=3 '
3 To use scals (2) or (3) project
o horizantally to scale (1), then
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